Local heat transfer to the surface by convection under hypersonic flight conditions is determined from an energy balance, where heat addition is from the boundary layer heating and heat rejection is by radiation from the surface and conduction through the RCC. The accuracy of the determination of hot wall convective heat flux from flight or arc-plasma heated hypersonic wind tunnel data is directly dependent on the accuracy of the absolute value of the total hemispherical emittance of the coating at the temperature of the surface. The lower emittance would result in higher surface temperatures to maintain radiation equilibrium.
Since this thermal protection system is reusable, it is also of interest to evaluate changes in emittance with exposure to the hypersonic flight environment. Two RCC specimens were obtained from the right side wing panel 17 T-seal of the Space Shuttle Orbiter Atlantis. These specimens were cut from the T-seal at the location of the flow stagnation region. In this region, the heating to the wing panel during entry is at a maximum.
In order to compare the data from the flown specimens and emittance data which was previously obtained, 2 virgin RCC samples were also tested. The present report summarizes the test procedures and test data including a determination of the total hemispherical emittance of the RCC/SiC coating as a function of temperature.
Test Samples
As was previously mentioned, two flown RCC samples (1 and 2) and two virgin RCC samples (4 and 5) were tested for emittance variation from room temperature to 2100°K. The flown samples were obtained from the Maximum uncertainty in spectral reflectance is typically i-0.01.
Data at temperatures ranging from 1200 to 2100°K were obtained using the Lockheed Missiles and Space
Company (LMSC) Scanning Br6adband Radiometer (SBR), 4 with the front surface of the test sample heated with a continuous wave CO2 laser in air at a pressure of 4.9kPa (37 Torr). The incident irradiance was uniform to within 5 percent over a 2 cm diameter spot at the center of the specimen. The SBR viewed a 0.8 cm diameter region centered in the area of uniform laser irradiation. A sketch of this test setup, along with the location from which the flown samples were taken, is shown in Figure 1 . The filter wheel used has positions for eight filters which provided spectral data at wavelengths of 1.0, 2.08, 2.4, 2. 73, 3.65, 4.76, 5.35, and 6.3 micrometers. Surface temperature of the sample was determined with optical pyrometers (0.65 and 4.5 micrometers). The SBR was calibrated using a high temperature blackbody over the range of 1100 to 2400°K
to establish a correlation between the pyroelectric detector signal and radiant intensity. The estimated maximum uncertainty in the SBR data is :k-0.04.
Test Results

Room Temperature Reflectance Data
Near-normal spectral reflectance data at room temperature were obtained for two of the virgin RCC samples (4 and 5). Since the room temperature transmittance of the SiC coating is low, the reflectance can be related to emittance (Emittance = 1 -Reflectance). Near-normal emittance as a function of wavelength (0.28 to 25 micrometers) is presented in Figure 2 and Table 1 . The dip in the emittance at 10 to 13 micrometers is characteristic of the reststrahlen bands of the silicon carbide material. 5
Spectral directional emittance data for these samples for wavelengths varying from 0.5 to 16 micrometers are shown in Figure 3 . The data show good agreement between the two samples over the viewing angles and wavelengths tested.
At the lower wavelengths, 0.5 to 2.0 micrometers, the emittance decreases slightly at the higher viewing angles indicating a small degree of specularity.
However for the higher wavelengths, 4.0 to 16 micrometers, the emittance of the RCC/SiC coating begins to increase at the 60°viewing angle. It can also be seen that for the 10 to 16 micrometer range the emittance begins to spread, indicating the diffuse nature of the material at these higher wavelengths.
Tables 2 and 3 also provide the directional emittance data.
Room temperature spectral normal reflectance values for both the inner and outer surfaces of the flown RCC samples, as well as data for the virgin samples over the same range, are shown in Figure 4 and in Table 4 . The limited wavelength range of the data for the flown samples was due to the unsuitability of the samples to be machined to the size required by the HC300 instrument. The spectral normal emittance of the flown samples inner and outer surfaces is substantially higher than the virgin samples emittance at the 0.5 micrometer wavelength before converging at 1.5 micrometers. Total normal emittance data at room temperature for the virgin and flown samples were determined by integrating the spectral data. Recall that the room temperature data for the flown specimen were limited from 0.4 micrometers to 2.2 micrometers and that there was good agreement at the higher wavelength with the virgin samples, Figure 4 . Therefore, the total normal room temperature emittance of the flown samples outer and inner surfaces was found by assuming that the variation of the spectral emittance above the 2.2 micrometer wavelength was similar to the average of the virgin samples.
Thus, the total normal emittance could be found for the flown samples for wavelengths between 0.4 and24 micrometers. For virgin samples4 and5 the total normalroom temperatureemittancewas 0.847and0.858respectively, whereasfor the flown specimen therewasvery little changebetweenthe outerandinner surfaces; they were0.856and0.857,respectively.
Roomtemperature total hemispherical emittancefor thevirgin samples wasobtainedby integratingthe directionalemittancedata (Fig. 3) The special normal emittance data of the outer surface of the flown RCC samples (1 and 2) are seen in Figures 6a and 6b , respectively. The data show trends which are similar to those of the virgin samples.
However, the dip between the 2 to 3 micrometer region is no longer discernible. Also, as surface temperatures increase, the decrease in the emittance for all wavelengths presented is less for the flown samples as compared to the virgin sample data. Both of these effects may be attributed to repeated exposure to flight reentry environments. These data are also provided in Table 8 .
In Figures 7a and 7b and Table 9 , the spectral normal emittance data for the inner surface of the flown specimens can be seen. There is little spectral dependence of the emittance of the inner surface and variation of spectral emittance with temperature is much less than that of the outer surface measurements.Of particular interest in the figure is the lack of falloff above the 6 micrometer wavelength when compared to the virgin and flown specimen. In order to understandthis insensitivity, emittancedatafor uncoatedcarbon-carbon7 are usedfor comparison. The agreement between the current data and the uncoatedcarbon-carbonindicates that there has been some modificationof the SiC coating,which is typically between0.051cm and0.1 cm in thickness, on the innersurfaceof the flown specimen.This modificationmaybedueto eithercontactbetweentheinner sideof the T-sealandthe RCC panelwhen they areexposedto the thermalandpressurestresses of flight, which mayreducetheSiC coatingthickness, or to thedepositionof particulatefrom thevarious outgassingmaterialsinsidethe wing leadingedgecavity. Furtheranalysisof the inner surfaceof the T-sealis requiredin orderto determinethis source.
High Temperature Total Normal 0rid Total Hemispherical Emittance
Total normal emittance data were also obtained from the SBR tests. Figure Figure 10 and 
